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1Oak Regeneration in an Eastern Pennsylvania 
Forest: Is prescribed Fire Needed?
By Samantha M. Ebert, Arcadia University
AbstrAct
Fire has shaped the American landscape as much as any other natural or anthropogenic disturbance such as flooding, 
glaciers, and tornadoes, or logging. Native Americans used fire for thousand of years to facilitate farming, travel, 
and hunting. Since the 1930s, the United States Forest Service has instituted and maintained a policy of fire 
suppression. This has changed the composition of American forests allowing shade- tolerant later successional 
species to thrive, but fire-adapted species are declining. This study establishes a baseline of tree composition of 
State Game Lands 210 in Dauphin County in Eastern Pennsylvania forest in preparation for the proposed controlled 
burning by the Pennsylvania Game Commission and Nature Conservancy. Thirteen 5376.76ft2 plots within the 
forest were surveyed and all trees >4 inches in diameter were identified, measured, and tallied as living, dead, or 
dying. Seedlings and saplings were recorded in smaller nested plots. Oaks composed 46.7% of the basal area of 
trees, while maples composed 21.8%. We found 243.0 maple saplings and 291.7 seedlings per acre, but no oak 
saplings and only 72.9 seedlings per acre. We concluded that there was little oak regeneration present. By utilizing 
controlled burning, the fire adapted oak species would be more likely to regenerate.
Overview
The American landscape has been shaped and changed by natural and anthropogenic forces. Everything from 
flooding, glaciers, and landslides have impacted not only the geography of Pennsylvania, but the communities 
that live there now. Human forces such as pollution, infrastructure, and fire have also contributed to the scenery. 
This thesis will focus on the way that fire, or the lack there of, has altered the forest composition in the eastern 
United States. 
Before settlers arrived in the United States, the Native Americans utilized fire to clear the forests surrounding 
their villages to cultivate crops and wild blueberries and to clear the understory for effective hunting and travel. 
The European settlers brought their own fire for land clearing and logging and cooking. Railroads, industrialization,  
and recreational campfires all contribute to the fire shaped landscape. In the 1930s, the United States Forest Service 
instituted a policy of overall fire suppression. This lead to a change in forest composition from disturbance-adapted 
and early successional species to that of later successional species. In the eastern United States, this meant a switch 
from oak- dominated (Genus Quercus) forests to more of a maple- dominated (Genus Acer) forest. 
Oak trees are an important source of mast for deer, bear, turkeys, grouse, and others, which are all game for 
Pennsylvania hunters. Also, oak wood has great strength and hardness, which is perfect for furniture making and 
flooring. Wine, sherry, whiskey, and brandy are all aged in oak barrels. Without periodic disturbance, oak trees 
can be outcompeted by later successional species. This study establishes a baseline of tree composition in the 
State Game Lands 210 of Eastern Pennsylvania forest in preparation for proposed controlled burning in order to 
measure the change in forest structure.
This study took place during the summer of 2013 with a group of three Arcadia University students and Dr. 
Lauren Howard in collaboration with the Pennsylvania Game Commission and Nature Conservancy. The team 
performed a forest composition study of State Game Lands 210 and recorded all of the seedlings, saplings, and 
trees in a specified area. The trees (>4 inches at diameter breast height) were recorded by species with a status of 
living, standing dead, or dead in a circle with a radius of 41.37 feet. Seedlings and saplings were sampled from 
subsets of that circle and recorded by species. 
2It was found that of the 425 trees recorded, 390 were living and 35 were standing dead. The trees were also 
separated into classes by diameter breast height and it was found that the majority of the trees (296 trees) were 
between 4 and 7.9 inches at diameter breast height, but only 38 were greater than 12 inches at diameter breast 
height. This shows that there are few trees surviving to adult stages and reaching the canopy level. The occurrence 
of each tree was recorded and it was found that red maple, a later successional species, composed 39.6% of all 
trees recorded, while oak trees (all species) composed only 20.3% of all trees. 
If lack of disturbance continues, the oaks will decline as succession progresses and larger individuals die. For the 
most part, oak saplings cannot persist in shaded understories and cannot not grow into the canopy level, unless a 
gap forms above.1 Prescribed fire is an effective tool to limit competing vegetation and improve the growth and 
form of oak regeneration. These fires encourage plentiful sprouting of oak trees while limiting the growth of 
many oak competitors such as red maple. 
This study is a small sample size of a much larger area and the results may not be applicable to all Pennsylvania 
forests. A larger sample size of similar forests would make increase the application of the results. This study is 
only a small subset of a much larger study of several Pennsylvania forests with data collected during the same 
summer. The cumulative data from the entire study could be more appropriate for generalization.
intrOductiOn
Fire, whether natural or man-made has shaped the American landscape. Pre-colonization fires in the United 
States facilitated by the Native Americans and natural occurrences have molded the forests we see today. The Native 
Americans relied on the earth for everything they needed to survive. They set what may have been some of the 
first controlled burns to forests to be able to hunt game such as deer, bear, and turkey, and to cultivate things like 
blueberries.  This also allowed for easier travel through the forests to communicate with other tribes. Several studies 
have cited that although the scope of Native American 
burning is unclear, the importance of the continuing 
presence of pre-colonization fire in the region is clear.2 3 4 
Early settlers in the Americas adopted fire to clear land 
for cultivating farmlands, buildings and pastures for 
livestock.  By the mid 1700s European immigrants began 
to settle in West Virginia and Pennsylvania, as well as 
many smaller coastal areas.5 According to witness tree data, 
oak was the dominant genus before European settlement, 
especially white oak, in the Eastern United States.6
1 Brose, Patrick H.; Dey, Daniel C.; Phillips, Ross J.; Waldrop, Thomas A. 2013. “A Meta-analysis of the Fire-Oak Hypothesis: Does 
Prescribed Burning Promote Oak Reproduction in Eastern North America.” Forest Science. 59(3): 322-334.
2 Howard, L., Lupo, P., Stone, B., & Bearer, S. (2013). “Interim Report for Pre-burn Monitoring Project, Dec 31, 2013.” Arcadia University, 
Pennsylvania Game Commission, PA Chapter of The Nature Conservancy.
3 Lafon, C.W. and H.D. Grissino-Mayer. 2006. Fire Regimes and Successional Dynamics of Yellow Pine (Pinus) Stands in the Central 
Appalachian Mountains. Joint Fire Science Program, USFS.
4 Lafon, C.W. and H.D. Grissino-Mayer. 2007. “Spatial Patterns of Fire Occurrence in the Central Appalachian Mountains and 
Implications for Wildland Fire Management. Physical Geography 28(1): 1-20.
5 Schuler, T.M. and W.R. McClain. 2003. “Fire History of a Ridge and Valley Oak Forest.” USDA Forest Service Research Paper NE-724. 
Northeastern Research Station, Newtown Square, PA. 9 pp.
6 Abrams, M.D. 2003. “Where has all the white oak gone?” Bioscience 53(10): 927-939.
Figure 1. A 1940s advertisement released by the United States 
Forest Service to encourage proper campfire management.
3What is classified as the most intense period of burning in recent history comes with the logging industry between 
1880 and 1920.7 During this time, it is estimated that more than 90% of central Appalachian forests burned following 
clear-cut logging.8 The Pennsylvania Forest Fire Museum states that 60% of Pennsylvania land area today is forested, 
while in 1920, only 17% was considered forest due to the logging that took place.9
In the 1930s, because of the mass clear-cut logging, followed by burning of forests and the availability of fire 
fighting technologies, the United States Forest Service instituted a policy of overall fire suppression.10 A child-friendly 
character, “Smokey the Bear,” and media publications using his now famous tag line “Only you can prevent forest 
fires,” were released in order to encourage people to be careful when maintaining campfires. 
For the purpose of protecting communities and other resources, this was an effective system. But now, even the 
U.S. Forest Service has recognized the use of fire to “make forests and grasslands healthier and to protect communities 
and natural resources, especially clean, abundant water.”11 Over time, the national policy of fire suppression has 
altered the fire- adapted forest communities, which is threatening plant and animals that rely on an environment 
of early successional and post- disturbance habitats. Oak forests have developed dense understories of shade 
tolerant species, such as maples and beech, which may be capable of displacing oaks.12 Fire can burn oak seedlings 
and saplings, but mature oak trees are resistant to the quick heat of grassland fires and controlled burns. The 
seedlings and saplings that emerge the next year will grow faster and as such will be less vulnerable to browsing. 
There has been very little recruitment of new white oak trees occurred during the 20th century, and there is evidence 
of a dramatic decline in white oak forests from pre-settlement to the present day.13 White oak was arguably North 
America’s most valuable hardwood species based on quality and quantity of saw timber. It was used extensively 
for construction, flooring, and cabinetry. Because it is impervious to liquids, it was also widely used in barrel 
making. By the early 1900s, white oak was one of the primary furniture making woods in the United States.14
A 2009 article by Schuler et al. published in a 2009 issue of Fire Science Brief studied the effectiveness of prescribed 
burns for the purpose of regenerating oak species. It notes that prescribed burning is still in its “infancy” in eastern 
mixed-oak forests, primarily because fuel build-up, such as leaf litter and downed trees, is less of a problem in the 
East than in the drier West, managers have been slow to look into using prescribed burning.15 They also note that 
Forest managers need more information on how to characterize fuels for prescribed burns in this area of the 
country. Patrick Brose, a research forester at the USDA Forest Service’s Northeastern Research Station in Irvine, 
Pennsylvania, says this uncertainty about fuel characterization has delayed the employment of prescribed burning 
in eastern mixed-oak forests.16
7 Clarkson, 1964 Clarkson, R.B. 1964. “Tumult on the mountains: lumbering in West Virginia - 1770-1920.” (c) 1998 McClain Printing 
Company, Parsons, WV. 410 pp.
8 Ibid.
9 PA Forest Fire Museum Association. Retrieved from http://paforestfiremuseum.org/paffma-history.html
10 Van Lear, D.H. and T.A. Waldrop. 1989. “History, uses and effects of fire in the Appalachians.” USDA Forest Service General Technical 
Report SE-54. 21 pp.
11 USDA Forest Service, Fire and Aviation Management, 2013 http://www.fs.fed.us/fire/
12 Lorimer, C. G., & White, A. S. (2003). “Scale and frequency of natural disturbances in the northeastern US: implications for early 
successional forest habitats and regional age distributions.” Forest Ecology and Management, 185(1), 41-64.
13 Abrams, M.D., Ruffner C.M. 1995. “Physiographic analysis of witness-tree distribution (1765–1798) and present forest cover through 
north central Pennsylvania.” Canadian Journal of Forest Research. 25: 659-668.
14 Ibid.
15 Schuler, J.L. and D.J. Robison. 2009. Response of reproduction and residual overstory trees to even-aged regeneration methods in 
southern hardwoods. P. 71-86 in Columbus, F. (ed.), Forest Regeneration: Ecology, Management and Economics. Nova Publishers. 198 
p.
16 Ibid.
4The study observed the pre- and post- prescribed burn forest site composition, especially the sprouting of oak 
and competing species. “In many eastern mixed-oak forests, oak succession is blocked by dense understory 
growth,” which could be decreased via prescribed burns.17 They concluded that their research projects reinforced 
“the viability of prescribed burning as a tool for eastern mixed-oak forest managers to promote oak regeneration 
from sprouts, and to thin out understory and reduce fuel loads.”18
 
Forestry professionals identify occasional fire as an important factor in creating the historical incidence of mixed 
-oak forests in eastern North America and the suppression of that fire in the early 20th century as one of the 
significant factors in the current, widespread oak regeneration problem.19 20 21 In a more recent study, a meta-analysis 
of thirty- two prescribed fire studies, composed by Brose in 2012 found that in even-aged stand management, 
prescribed fire can contribute to sustaining oak forests in some situations.22 They cautioned that single fires had 
little impact in the short term however, multiple burns benefited oaks in the long term.23
Because of fire suppression, fire-adapted habitats and species are declining. These locations support a countless 
number of plant and animal species that depend on the continued presence of early-successional, post-disturbance 
habitat elements. Reintroduction of fire into forests where it has been unnaturally excluded has the potential to 
recreate habitat elements such as gaps and standing dead trees that are required for fire-adapted plants and their 
associated animal species to persist. It also has the potential to enhance game animal populations, as oaks are an 
important source of mast for deer, bear, turkeys, grouse, and others. Controlled burning that increases oak 
regeneration and acorn production has the capability of benefiting Pennsylvania hunters and could help boost 
the state’s economy.24 25 In order to measure the change in forest structure from the proposed controlled burning, 
a current assessment of the forest composition is needed for comparison. This study will establish a baseline of 
tree composition in the Doc Jones Forest (State Game Lands 210) of Dauphin County in Eastern Pennsylvania 
forest in preparation for the proposed controlled burning.
MethOds
The research team established 13 plots on State Game Lands 210 in Dauphin County, PA (Figure 2). The locations 
were determined in advance using a restricted random technique, and plots were located in the field using the 
GPS. The team permanently marked plot centers using 6-foot tall metal fence posts painted yellow at the top.
recOrd Keeping
To record data, a plot location sheet (developed by the PA Game Commission and Nature Conservancy) was 
utilized for each individual burn unit, because this expedites data entry and analysis. We record the site name as 
17 Schuler and Robison. Response of reproduction and residual overstory trees.
18 Ibid.
19 Abrams, M.D. 1992. “Fire and the development of oak forests.” Bioscience 42: 346-353. 
20 Brose, P.H., Schuler, T., Van Lear, D., & Berst, J. (2001). “Bringing fire back: the changing regimes of the Appalachian mixed-oak 
forests.” Journal of Forestry, 99.11, 30-35.
21 Nowacki, G. J., & Abrams, M. D. (2008). “The demise of fire and “mesophication” of forests in the eastern United States.” BioScience, 
58(2), 123-138.
22 Brose et al., 2012 Brose, P. H. (2012). “A comparison of the effects of different shelterwood harvest methods on the survival and 
growth of acorn-origin oak seedlings.” Canadian Journal of Forest Research, 41.12, 2359-2374.
23 Ibid.
24 Ibid.
25 Creighton, J., & Norman, G. (2013, November 18). “Acorn Crop Very Light This Year. Virginia Department of Game and Inland  
Fisheries (VDGIF)- The Outdoor Report.” Retrieved from 
http://www.dgif.virginia.gov/outdoor-report/2013/11/27/#acorn-crop-very-light-this-year
5indicated on the map provided. The full names of the crewmembers taking the measurements are to be recorded 
at the top of the page, beginning with the note taker’s name. The plot number and date of data collection should 
also be noted. 
To recall the exact location of the site, record the latitude and longitude using World Geodetic System (WGS) 
1984 format on the data sheet and on the GPS device if applicable. Record the forest type, site and size for the 
principal plot area.  Note that the surrounding stand may be a different forest type, site or size.  It is important to 
designate individual plot forest types for the analysis. The Pennsylvania State Game Commission recommends 
that the document, “Terrestrial & Palustrine Plant Communities of Pennsylvania” by Jean Fike, Pennsylvania 
Natural Diversity Inventory, PA Department of Conservation and Natural Resources 1999 or the “Manual of 
Procedure for State Game Land Cover Typing” be used for descriptions of forest types and definitions of site, size 
and stocking. Documentation the deer impact using the key at the bottom of the page; this key is similar to how 
Silviculture of Allegheny Hardwoods documents deer impact.
Using a clinometer, the team determined the topography over the plot and record the appropriate aspect in degrees 
using 360 for due north.  The percent slope was recorded in the direction of the aspect using the clinometer; 
the ground distance over which this is measured is from the one side of the over story plot to the opposite side, 
which is about eighty-two feet. Disturbance was recorded using one (or more when applicable) of the codes 
listed on the location sheet to characterize any disturbance that has occurred on the plot.  The area affected by 
natural or human-caused disturbance must be greater than or equal to one acre and have occurred in the past 5 
years.  
At minimum, one picture was taken in each direction (north, east, south, and west) from six feet behind the 
center of the plot at eye level and the number of each picture was recorded. The team also included a fifth picture 
of the canopy from the same location to use in future visual comparisons and photos of any unique disturbance 
(such as rattlesnakes, excessive deer browsing, or bear markings). 
Plot stakes should either be treated wood or metal rebar. The team chose to use six- foot long metal fence posts.  
It is suggested that if using a wood stake, label the stake using either a permanent maker or paint stick with the 
plot number and if using metal rebar, it should be labeled with an aluminum tag if possible. The bars were spray 
Figure 2. State Game Lands 210 identified by plot numbers. This study includes results from plots DJ1, 
DJ4, DJ5, DJ6, DJ7, DJ8, DJ9, DJ11, DJ12, DJ13, DJ14, and DJ15.
6painted orange and labeled with a permanent marker before leaving the site, allowing for the paint to dry while 
performing data collection. The leaf litter and duff were cleared away from the stake before it was hammered into 
the ground, leaving the top four to five feet exposed.  A healthy tree proximate to the plot stake was selected as 
the reference tree.  A forestry marker was used to mark the tree just above diameter at breast height (DBH) (see 
below for instructions to properly measure DBH). Record the DBH and species on the plot sheet. As this was the 
first set of plots surveyed, the Doc Jones study site did not have reference tree information recorded.
OverstOry trees
Once the basics about our site and location recorded, the team moved on to surveying the overstory trees. Using 
a circular plot with a radius of 41.37 feet, all trees that are upright were tallied; live, dying and standing dead trees 
taller than or equal to 4.5 feet tall and greater than or exactly 4 inches in diameter at breast height. It was easiest 
to have an assistant with a measuring tape in hand with the stationary end attached to the center rebar. Trees are 
considered alive if they have any living parts (leaves, buds or cambium) at or above the point of diameter measurement, 
including trees that have been temporarily defoliated.  Broken portions of trees completely separated from their 
base are not separate trees. Whether live or dead, standing trees do not have to be self-supporting; other trees 
may support them. Cut trees do not qualify as standing dead trees unless they are 4.5 feet in height or higher and 
have a measurable point at DBH.
 
Each tree was numbered with a forestry crayon, beginning with the tree to the right of 0° azimuth and work 
clockwise from there. The status of the tree (living “L”, dying “DY”, and standing dead “SD”), DBH, and species 
using Forest Industry and Analysis (FIA) species codes should be recorded on the data sheet. To find the diameter 
at breast height, measure the diameter of the tree 4.5 feet above the ground on the high side to the nearest 1/10th 
in. (rounding down). For specific examples of where to measure diameters in unusual situations, the Pennsylvania 
Figure 3. Pennsylvania State Game Lands 210 Site #DJ7, Northern Aspect. Photo by 
Dr. Lauren Howard.
7State Game Commission suggested the Special DBH Situations in the “Manual of Procedure For The Continuous 
Forest Inventory of Forest Wildlife Habitat Resources.” Any comments about insect, disease, or other evident 
damage were noted in the comments section. 
sApling & seedling dAtA
This study also recorded sapling data in order to get a snapshot at the succession of the forest. The sapling plots 
were smaller, only having a radius of 13.2 feet or (4 m) from the center of the plot. Trees that were measured 
were taller than or exactly 4.5 feet tall and less than 4 inches in diameter at breast height.
The methods for measuring sapling data are similar to than of the overstory, except each individual tree is not 
numbered, rather each species abundance is tallied based on DBH class. A key to the DBH classes is found at the 
bottom of the sapling data sheet.
Similarly, seedlings were recorded among the ground flora in 1 meter by 1 meter subplots oriented at north, south, 
east and west of the sapling subplot. Figure 4 shows a layout of each sampling area. 
results
In order to understand the current composition of State Game Lands 210, the team looked at the status of all of 
the trees in the 13 sites (Figure 5). Of the 425 trees with some recorded information, 390 trees were classified as 
living, 35 as standing dead, and none were classified as dead. Of the 425 trees, 16 did not have complete information 
(mostly species name due to the tree being too degraded to properly identify). 
Figure 4. Shows the layout of sampling areas for each plot within State Game Lands 210. 
This is adapted from the original datasheets provided by the PA Game Commission and 
Nature Conservancy.
8The distribution of diameter at breast height (DBH) seen in Figure 6A shows a greater number of medium sized 
(4-11.9 inch) trees than small trees (<4 inches) and large trees (>12 inches). Figure 6B shows the DBH distribution 
over the same size classes (<4 inches, between 4-7.9 inches, 8-11.9, 12-15.9 inches and >16 inches at diameter 
breast height), however it is broken down by tree species. In Figure 6B, red maple and black gum trees have the 
most regeneration, or trees between 4 and 7.9 inches at diameter breast height with 144 and 70 trees, respectively. 
The oak species, including northern red oak, black oak, white oak and chestnut oak, has a total of 33 trees between 
4 and 7.9 inches at diameter breast height.
Living
DeaD
StanDing DeaD
KEY
Figure 5. Shows the status of the 425 overstory trees (>4 inches DBH) surveyed as living (390 
trees), dead (0 trees), or standing dead (35 trees) in all of the plots. 
Figure 6A. Shows the distribution of overstory trees in the site. Of the trees surveyed, 
there were 296 trees with a DBH of 4-7.9 inches, 90 trees 8-11.9 inches, 29 trees 
12-15.9 inches, and 9 that are >16 inches.  
The frequency, or how many trees were encountered within the thirteen plots in State Game Lands 210 can be 
seen in Figure 7. The majority of the 409 identified trees (>4 inches DBH) were red maple, composing 39.6% of 
the plot areas. The oak species (northern red oak, black oak, white oak, and chestnut oak) accounted for 20.3% of 
the trees recorded in the plots.
species Frequency percent
red MAple (21) 162 39.6
n. red OAK (30) 4 1.0
blAcK OAK (31) 16 3.9
white OAK (40) 3 .7
chestnut OAK (48) 60 14.7
hicKOry (49) 5 1.2
blAcK birch (51) 15 3.7
blAcK guM (66) 81 19.8
pitch pine (9) 1 .2
serviceberry (91) 1 .2
sAssAFrAs (96) 61 14.9
tOtAl 409 100.0
 
9
Figure 6B.  Shows the tree diameter distribution of each individual species. 
The tree species with the most trees with a DBH between 4.0 and 7.9 is the red 
maple (144 trees) and the black gum (70) trees. 
Figure 7. The left- hand column shows the species with the 
species code in parentheses. The right- hand columns show the 
frequency of each species (>4 inches DBH) and percent of total 
trees surveyed in the Doc Jones sites. The red maples account for 
the largest percentage of all trees surveyed, and the pitch pine 
and serviceberry species being the least frequent.
In order to find the total basal area of each tree species, the 
formula for the area of a circle was utilized (Πr2). The 
diameter at breast height of each tree was divided by two 
in order to find the radius, then squared and multiplied 
by pi using Microsoft Excel 2013.The results of the area 
formula were summed by species divided by the area of 
the plot (5376.76 feet2) and converted from feet2 to acres 
using the ideas that there are 43560 feet2 in an acre. The 
results of his could be seen in Figure 8 on the row entitled 
“Total Basal Area”. These results were then summed and 
each divided by the sum to obtain the relative basal area. 
The numbers were converted to percentages by multiplying 
by one hundred. 
Total density was found by using the same acreage principle- 
multiplying the total number of trees by the number of feet2 
per acre (43560 feet2/acre) and dividing that total by the 
area of the plot (5376.76 feet2). These figures (seen on Figure 
8 row entitled “Total Density” were summed and each 
total density was divided by the sum of the total to find the relative density. These numbers were multiplied by 
one hundred to obtain a percentage value. 
Relative importance value was found by summing the relative basal area and relative densities of each species, 
then dividing that sum by two.
discussiOn
The tree status found that the majority or the recorded trees, 390, were classified as living, while 35 were classified 
as standing dead and none were classified as dead. The lack of dead trees recorded may be due to misclassification, 
as they were recorded as part of a Brown’s Transect that was performed at the sites. 
The trees were classified by their diameter distribution, and it was found that 72.4% of the trees had a diameter at 
breast height (DBH) of 4.0-7.9 inches, while only 9.3% had a DBH greater than or exactly 12 inches (Figure 6A). 
The diameter at breast height was also categorized by species, as seen in Figure 6B. It was found that red maples 
have the most regeneration with 144 trees with a DBH between 4.0 and 7.9, followed by black gum with 70 trees 
in the same DBH class. Both red maple and black gum are late successional trees.26 27 With regard to red maples, 
Abrams has said “It will probably continue to increase in dominance in the overstory during the next century, 
causing widespread replacement of the historically dominant trees of the forests of the eastern United States.”28
The occurrence of each tree among the 13 sites was also noted, again with red maple surpassing all other species 
and composing 39.6% of the trees with all information recorded. In this habitat that has gone without fire disturbance, 
the red maple has out competed the oak species, which accounted for only 20.3% of the total composition (Figure 
7). 
Figure 8 shows the total and relative density and basal area for each species and the relative importance based 
on those calculations. Surprisingly, chestnut oak had the highest total basal area with 56094.3 feet2 of wood per 
acre, followed by red maple with 40262.4 feet2 of wood per acre. This is because although red maple had the most 
tress, the majority of those trees (144) were between 4.0- 7.9 inches at diameter breast height, 17 had a DBH of 
8.0- 11.9 inches, 2 with between 12.0 and 15.9 inches and none had a DBH larger than 16 inches. Chestnut oak 
10
species red MAple (21)
n. red 
OAK (30)
blAcK 
OAK (31)
white 
OAK (40)
chestnut 
OAK (48)
hicKOry 
(49)
blAcK 
birch (51)
blAcK 
guM (66)
pitch 
pine (9)
service-
berry (91)
sAssAFrAs 
(96)
tOtAl bAsAl AreA
(Feet2 OF wOOd/Acre) 279.6 60.0 138.4 12.5 389.5 11.7 40.4 149.1 7.5 0.8 195.5
tOtAl density 
(trees/Acre)
1312.4 32.4 129.6 24.3 486.1 40.5 121.5 656.2 8.1 8.1 494.2
relAtive bAsAl AreA 
(percent) 21.8 4.7 10.8 1.0 30.3 0.9 3.1 11.6 0.6 0.1 15.2
relAtive density 
(percent) 39.6 1.0 3.9 0.7 14.7 1.2 3.7 19.8 0.2 0.2 14.9
relAtive iMpOrtAnce 
vAlue 26.20 2.85 7.35 0.85 22.5 1.05 3.4 15.7 0.4 0.15 15.05
Figure 8. Total Basal Area (BA) was found for each species using the formula for a circle (Πr2) using the DBH of each tree surveyed. Total 
density was calculated by adding up the number of trees of each species (Figure 5.) and dividing by the area of the plot size (5376.76 using the 
formula for area Πr2 with the radius of the plot being 41.37 feet). 
26 Nesom, G. (2006). “Red Maple Plant Guide.” USDA NRCS. Retrieved from https://plants.usda.gov/plantguide/pdf/pg_acru.pdf
27 Abrams, M. D. 2007. “Tales from the blackgum, a consummate subordinate tree.” BioScience, 57(4), 347-359.
28 Abrams, M.D. 1998. The red maple paradox. BioScience. 48: 355-364.
11
29 Abrams, M.D. 1998. The red maple paradox. BioScience. 48: 355-364.
30 Brose, Patrick H.; Dey, Daniel C.; Phillips, Ross J.; Waldrop, Thomas A. 2013. “A meta-analysis of the fire-oak hypothesis: Does 
prescribed burning promote oak reproduction in eastern North America.” Forest Science. 59(3): 322-334.
had fewer trees, but more of those trees had a larger DBH. There were 25 trees between 4.0 and 7.9 inches at 
DBH, 20 between 8.0 and 11.9 inches, 14 between 12.0 and 15.9 inches, and 4 had a DBH greater than 16 inches.
Fire is an important tool in maintaining certain habitats, including barrens, forests and grasslands, and for spe-
cies in need of conservation. There is little oak regeneration in this forest, and periodic controlled burning may 
increase the oak population. Oak trees were found as seedlings and saplings, however the numbers decline as the 
trees increases in size. Abrams referred to this as a one- generation phenomenon.29 If lack of disturbance continues, 
the oaks will decline as succession progresses and larger individuals die. For the most part, oak saplings cannot 
persist in shaded understories and cannot not grow into the canopy level unless a gap forms above.30 Disturbance 
that causes gap formation, such as fire, would expedite the growth of oak regeneration. Increased light improves 
growth of oak species but it also encourages the growth of competing vegetation. Prescribed fire is an effective 
tool to limit competing vegetation and improve the growth and form of oak regeneration.
These fires encourage plentiful sprouting of oak trees while limiting the growth of many oak competitors such as 
red maple (Acer rubrum) which was observed in these sites, as well as, sugar maple (Acer saccharum), American 
beech (Fagus grandifolia), yellow-poplar (Liriodendron tulipifera), and black cherry (Prunus serotina). The oak 
regeneration problem can be attributed to a myriad of factors, including soil composition, deer browsing, the 
extinction of passenger pigeons, and climate change. The historical significance of fire on the oak populations 
in Pennsylvania cannot be ignored. The periodic, controlled burning of the sites in State Game Lands 210 could 
increase oak regeneration and at minimum, clear the understory and ground flora to increase hunter visibility. 
The data from this study could be used for comparison after controlled burning is performed. The permanent 
plots will be resampled using the same methods and create a cumulative comparison. These samples will be taken 
one year after a controlled burn is performed and again five years after the burn.
This study is a small sample size of a much larger area and the results may not be applicable to all Pennsylvania 
forests. A larger sample size of similar forests would make increase the application of the results. This study is 
only a small subset of a much larger study of several Pennsylvania forests with data collected in the same summer. 
The cumulative data from the entire study could be more appropriate for generalization.
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